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Functional Chiral Asymmetry in the Descending Thoracic Aorta
We appreciate the important comments of Dr. Thomas1 but believe there is sufficient evidence to support the concept of functional chiral asymmetry or clockwise helical flow in the descending thoracic aorta. Dr. Thomas has elegantly premised the following theories to describe the color flow Doppler red/blue hemicircle distribution of blood velocity in the descending thoracic aorta: 1) helical flow around the long axis of the aorta; 2) misalignment of the transducer with respect to short axis of the aorta; and 3) inability of the technique to identify dual (clockwise and counterclockwise) vortices in the aorta.
Although the first of two of these theories may explain the phenomenon, we have observed that the third premise is unlikely to be correct. Flow in simple curved tubes, because of the symmetry of the curved tube, demonstrates dual vortices. However, Thomas cites work of Yearwood and Chandran2 as proof that dual vortices occur in the descending thoracic aorta. This statement, unfortunately, is not correct. Yearwood and Chandran have demonstrated secondary velocities (not dual vortices) to be 20% of the peak velocities in the ascending aorta and arch. Using flow visualization techniques in a model of the human aortic arch without branches, they demonstrated vortical motion developing along the inner wall of the descending aorta in early systole. By late systole this vortical motion expanded into the lumen with a single vortex occupying the entire cross section.
Of somewhat lesser importance is the statement that "the combination of flow deceleration and variable curvature frequently leads to flow separation along the inner wall of the upper ascending aorta with abrupt velocity reversal along this wall late in systole."' Although flow reversal has been observed in the axial direction, it is extremely controversial whether three-dimensional flow separation actually does occur in the aorta.
A number of comments are necessary with respect to the second premise for the red/blue hemicircle distribution (that of misalignment of the transducer with respect to the short axis of the aorta).
Firstly, an angulated image of axial flow with a 900 radial array transducer would not yield full red/blue hemicircles as found in our study3 but rather red/blue segments located at the periphery of the scan field where the array is most parallel to axial flow. Given the limits in velocity resolution of color instrumentation, the fact that color intensity and the alias pattern (by adjusting pulse rate frequency) appears homogeneous across the scan field suggests horizontal alignment rather than transducer angulation. Even if it is allowed that imaging axial flow with an angulated transducer may cause red/blue hemicircles, random transducer angulation would yield a 50150 chance of a clockwise or counterclockwise helix, but the data3 almost always reveal the presence of a clockwise systolic helix. With regard to Dr. Thomas' suggestion that the left-to-right descent of the aorta and the 150 angle with respect to the esophagus causes transducer angulation, the esophagus is larger than the transducer and would not necessarily hold the transducer at that fixed angle. In addition, at the retro-left ventricular level, where systolic clockwise helical flow is most prominent, there may be no incident angle of the esophagus and the aorta, as the aorta returns to a leftward position relative to the esophagus just above the diaphragm.4
Dr. Thomas offered no comments on the other physical evidence (albeit only one patient) of clockwise helical flow as seen in the rotary plaque of Reference 3. Unpublished observations from our laboratory using esophageal echocardiography reveal that when dogs are placed on cardiopulmonary bypass through the proximal ascending aorta, there is continuous clockwise helical flow in the descending aorta. When dogs are placed on cardiopulmonary bypass via the femoral artery, helical flow is not observed despite multiple transducer angulations. When cardiopulmonary bypass is performed via the proximal descending thoracic aorta, hemicircles are observed and their red/blue colors can be reserved back and forth depending on the cannula direction to the right or left in the descending thoracic aorta. These findings support our conclusion that the aortic arch may be responsible for helical flow and that transducer angulation is not spuriously representing axial flow as helical flow.
While other potential explanations may explain the color flow Doppler red/blue hemicircle distribution of blood velocity in the descending thoracic aorta, data available at present3 support our conclusion that this phenomenon represents helical flow around the long axis of the descending thoracic aorta. We await the presentation of further data on this topic with interest. Lee 
Handgrip and Coronary Flow Reserve
In the study by McGinn et al,' the effects of handgrip on coronary flow reserve were studied with intracoronary Doppler catheters. The authors conclude that handgrip did not increase coronary flow reserve.
Dipyridamole-handgrip exercise is often used for perfusion imaging, but with a different protocol. The authors compared handgrip during resting flow conditions to handgrip during maximum flow conditions. No one who uses dipyridamole for diagnostic imaging employs handgrip in the baseline resting state. Their Table 3 demonstrates that handgrip caused a 19% increase in resting coronary blood flow velocity, measured as kHz shift (2.1 to 2.5 kHz), and a 10% increase in maximum flow velocity, also measured as kHz shift (7.9 to 8.7 kHz) for a 26% increase in blood pressure from 97 to 122 mm Hg. To be comparable to the accepted clinical protocol for dipyridamole imaging, the baseline resting coronary flow velocity without handgrip should be compared to the maximum flow velocity with and without handgrip. When calculated in this manner, coronary flow reserve with handgrip was 8.7÷ 2.1, or 4.14. Without handgrip, coronary flow reserve was 7.9÷.-2.1, or 3.76. Thus, the addition of handgrip increased coronary flow reserve by approximately 10%, associated with a 26% increase in blood pressure. It therefore seems appropriate to retain handgrip as part of the dipyridamole imaging protocol.
Other than this point, this paper nicely describes the effect of heart rate and left ventricular end diastolic pressure on coronary flow reserve in humans. Because absolute coronary flow reserve depends on physiological conditions, as we first reported,2 we have used the relative coronary flow reserve, or the relative distribution of maximum flow, as a complimentary measure reflecting stenosis severity independent of physiological conditions. Therefore, absolute and relative coronary flow reserve together describe completely the functional severity of coronary artery stenosis.
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